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MicroRNA-221 promotes human non-small cell lung 
cancer cell H460 growth
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Abstract: MicroRNA (miRNA-221) has been reported to be a regulator of cell proliferation. Here we intended to 
investigate the role of miRNA-221 in regulating the growth of human non-small cell lung cancer cell line H460. 
H460 cells were transfected with miRNA-221 mimics/inhibitors or their respective negative controls. Real-time 
quantitative PCRs (qRT-PCRs) were used to confirm the effects of miRNA-221 mimics and inhibitors in H460 cells 
while Cell Counting Kit 8 (CCK-8) and 5-Ethynyl-2’-deoxyuridine (EdU) assay were used to access the cell viability 
and proliferation. P27 and P57, as putative targets of miRNA-221, were determined by qRT-PCRs in H460 cells. 
We found that overexpression of miRNA-221 led to increased proliferative rate and cell viability in H460 cells while 
down-regulation of miRNA-221 decreased those effects. P27 but not P57 was identified as a potential target gene 
of miRNA-221 in H460 as P27 was negatively regulated by miRNA-221 in the protein level. In conclusion, this study 
suggests that miRNA-221 controls human non-small cell lung cancer cell H460 growth potentially by targeting P57. 
Inhibition of miRNA-221 represents a novel potential treatment for human non-small cell lung cancer.
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Introduction

Non small-cell lung cancer (NSCLC), a common 
type of lung cancer, is among the most fre-
quently diagnosed types of cancer and is also a 
leading cause of mortality worldwide [1]. Great 
efforts in the early diagnosis have been made. 
However, despite emerging technologies and 
newly developed chemotherapy that improve 
treatment responses, only 15% of patients 
diagnosed with NSCLC could survive over 5 
years and the recurrence rate is extremely high 
as well, even receiving treatment in early-stage 
[2]. Therefore, emerging targeted therapies 
directed against specific cellular alterations 
might give alternative strategies for NSCLC 
treatment. Moreover, accumulating knowledge 
gained from genomic medicine also provides 
the possibility of unravelling the remaining mys-
teries of NSCLC. In other words, molecular tar-
geted therapies based on gene expression pro-
files and microRNA (miRNA) signatures are 
promising in developing novel therapies for 
NSCLC [3].

MicroRNAs (miRNAs) are a group of small non-
coding RNAs containing about 20~ nucleotides 
identified in plants, animals, and even some 
viruses. miRNAs can function in RNA silencing 
and post-transcriptional regulation of gene 
expression [4, 5]. Generally, miRNAs can nega-
tively regulate genes expression by binding to 
the 3’-untranslated region (3’-UTR) of their tar-
get genes. One miRNA can regulate several or 
even up to hundreds of target genes while one 
gene can also be regulated by multiple miRNAs 
[6]. Therefore, more than 60% of all human 
genes have been predicted to be regulated by 
miRNAs [6]. miRNAs are considered to be 
involved in many physiological and pathological 
processes such as development, proliferation, 
cancers and inflammation response, being the 
center players of gene regulations [7-12]. 

MiRNA-221 is a member of miRNA-221/222 
family, and has been reported to critically par-
ticipate in multiple cancers [13-15]. Moreover, 
it has also been indicated that down-regulation 
of miRNA-221 was associated with poor prog-
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nosis of patients with NSCLC [16]. In addition, 
miRNA-221 regulation has also been related to 
drug resistance in NSCLC [17]. As miRNA-221 
has been reported to be a regulator of cell 
growth, here we intended to investigate the role 
of miRNA-221 in regulating the growth of 
human non-small cell lung cancer cell line 
H460.

Methods

Cell culture

Human non-small cell lung cancer cell line 
(NSCLC) H460 was purchased from Cell Bank 
of Chinese Academy of Sciences (Shanghai, 
China). In general, H460 cells were cultured at 
37°C under 5% CO2 in 10 cm plastic dishes 
containing 10 ml of RPMI 1640 (Hyclone, USA), 
supplemented with 10% FBS (Hyclone, USA), 
100 U/ml penicillin and 100 mg/ml 
Streptomycin (KeyGen, China). 

Cell transient transfection

miRNA-221 mimics, inhibitors and their nega-
tive controls (nc-mimics and nc-inhibitors) were 
purchased from RiboBio (Guangzhou, China). 
H460 cells were staved with serum free medi-
um for 6 h, and then were transfected with 
miRNA-221 mimics (50 nM), inhibitors (100 
nM) or their negative controls for 48 h using 
Lipofectamine 2000 (Invitrogen, USA) accord-
ing to the manufacturer’s instructions.

Cell viability

The effects of miRNA-221 mimics and inhibi-
tors in H460 cell viability were determined 
using a Cell Counting Kit 8 (CCK-8) assay. Cells 
(2×103/well) were seeded in 96-well plates and 
adhered overnight. After 48 h of miRNA-221 
mimics, inhibitors and their negative controls 
transfection, CCK-8 solution was added to each 
well and incubated for 1 h at 37°C. Absorbance 
was then measured at 450 nm using a 
spectrophotometer. 

Cell proliferative assay

H460 cells were planted into 24-well dishes at 
a density of 2×104 per milliliter and were 
allowed to adhere overnight. After transfection 
with miRNA-221 mimics, inhibitors and their 
negative controls, H460 cells were cultured 

with 5-Ethyny-2’-deoxyuridine (EdU) for 8 h 
before detection. The proliferative rate of H460 
was then evaluated using a Cell-Light™ EdU 
Cell Proliferation Detection kit (RiboBio, China) 
following the manufacturer’s instructions.

Real-time quantitative PCR

Total RNA was isolated using the TRIzol RNA 
extraction kit (Invitrogen, USA). For miRNA anal-
ysis, cDNA was synthesized using Bulge-Loop™ 
miRNA qRT-PCR Primer Set (Riobio, China) 
according to the manufacturer’s instructions, 
normalized to that of U6 of the same RNA. For 
quantitative analysis of P27 and P57, real-time 
PCRs using primers as indicated were per-
formed. Briefly, 400 ng of RNA was subjected to 
reverse transcription-PCR using Bio-Rad 
iScripTM cDNA Synthesis Kit (Bio-Rad, USA), 
and then cDNA was subjected into 40 cycles of 
quantitative PCR with Takara SYBR Premix Ex 
TaqTM (Takara, Japan) in a CFX96TM Real-Time 
PCR Detection System (Bio-Rad, USA). GAPDH 
was used as a house-keeping gene for mRNA 
analysis. The sequence of p27 primer: FOR 
AACGTGCGAGTGTCTAACGG (5’-3’), REV CCCT- 
CTAGGGGTTTGTGATTCT (5’-3’). The sequence 
of p57 primer: FOR GCGGCGATCAAGAAGCTGT 
(5’-3’), REV GCTTGGCGAAGAAATCGGAGA (5’-
3’). The sequence of GAPDH primer: FOR 
TGTGGGCATCAATGGATTTGG (5’-3’), REV ACACC- 
ATGTATTCCGGGT CAAT (5’-3’). 

Western blot 

Total proteins from H460 cells were lysed with 
RIPA buffer (Beyotime Biotechnology, China). 
Extracted proteins were separated with SDS-
PAGE gels and were transferred onto PVDF 
membranes (Millipore, Bedford, MA, USA) for 
western blotting analysis. The following primary 
antibodies were used: p27 at a dilution of 
1:1000 (Bioworld, USA), β-actin at a dilution of 
1:10000 (Bioworld, USA), then were detected 
using HRP-linked secondary Antibodies and the 
ECL System. 

Statistical analysis

Data are presented as the mean ± SEM. An 
independent-samples t-test or one-way ANOVA 
was conducted with a Bonferroni’s post-hoc 
test. P value of <0.05 was thought as statisti-
cally significant. Statistical analysis was per-
formed with IBM SPSS 19.0 for Windows.
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Results

MiRNA-221 controls H460 cells’ cell viability

To understand whether miR-221 could regulate 
the cell viability of H460 cells, we first trans-
fected miRNA-221 mimics, inhibitors or their 
negative controls to human NSCLC cell line 
H460. As indicated in Figure 1, the transfection 
rate was at least 70%. In addition, as demon-
strated by real time qPCRs, 48 h after transfec-
tion of miRNA-221 mimics, the miRNA-221 
level was significantly up-regulated in H460 
cells, while miRNA-221 inhibitors decreased 
the miRNA-221 level (Figure 2), indicating that 
miRNA-221 mimics and inhibitors used in this 
study took effects in increasing or decreasing 
miRNA-221 levels. Based on that, overexpres-
sion of miRNA-221 with miRNA-221 mimics in 

Figure 1. The transfection rate in this study is over 70%.

Figure 2. miRNA-221 mimics and inhibitors take effects in H460 cells. A miRNA-221 mimics increase miRNA-221 
levels in H460 cells. *, P<0.05. B miRNA-221 inhibitors decrease miRNA-221 levels in H460 cells. *, P<0.05.

Figure 3. miRNA-221 regulates cell viability of H460 
cells.CCK-8 assay shows that miRNA-221 mimics 
lead to an increased cell vitality of H460 (A) while 
miRNA-221 inhibitors decrease cell viability (B). **, 
P<0.01; ***, P<0.001.
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H460 cells increased cell vitality and down-reg-
ulation of miRNA-221 with miRNA-221 inhibi-
tors decreased H460 cell vitality (Figure 3). 
These results suggest miRNA-221 may contrib-
ute to H460 tumor properties by regulating cell 
vitality.

MiRNA-221 induces H460 cell proliferation

To determine the effects of miRNA-221 in regu-
lating cell proliferation, EdU assays were used 

in the present study. We found that overexpres-
sion of miRNA-221 with miRNA-221 mimics led 
to higher EdU positive cells percentage, indicat-
ing a higher proliferative level of H460 cells. 
Conversely, down-regulation of miRNA-221 with 
miRNA-221 inhibitors deceased the prolifera-
tive level of H460 cells (Figure 4). These data 
suggest that miRNA-221 may contribute to 
H460 tumor properties by promoting cell 
proliferation.

Figure 4. miRNA-221 controls cell proliferation of H460 cells. Edu staining indicates that miRNA-221 mimics in-
crease the proliferation of H460 cells (A) while miRNA-221 inhibitors decrease that (B). *, P<0.05; ***, P<0.001.

Figure 5. P27 is a potential target gene of miRNA-221 in H460 cells. A. miRNA-221 negatively regulates p27 but not 
P57 at the mRNA level. *, P<0.05. B. miRNA-221 negatively regulates p27 at the protein levels. *, P<0.05.
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P27 is a potential target gene of miRNA-221 in 
H460 cells

P27, as well as p57, are two well-known targets 
of miRNA-221 in multiple types of cells includ-
ing cancer cells. They are members of the Cip/
Kip family of cyclin-dependent kinase inhibitors 
and function to negatively control cell cycle pro-
gression and cell proliferation. To identify 
whether p27 and p57 are the potential targets 
of miRNA-221 in H460 cells, we firstly assessed 
the effects of miRNA-221 on endogenous 
expressions of p27 and p57 in h460 cells by 
real time quantitative PCR. As shown in Figure 
5A, the p27 mRNA level was regulated by both 
overexpression and down-regulation of miRNA-
221, but p57 mRNA level remained unchanged. 
To determine whether p27 is the putative target 
of miRNA-221 in H460 cells, we next detected 
the protein level of p27 by Western blotting and 
found that the p27 protein level was down-reg-
ulated by overexpressing miRNA-221, and was 
increased when silencing miRNA-221 in H460 
cells (Figure 5B). The results showed that p27 
may be a putative target gene of miRNA-221 in 
H460 cells.

Discussion

NSCLC is among the leading causes of death 
caused by cancer worldwide [1]. With the help 
of modern genetic techniques for understand-
ing candidate gene and genome wide, increas-
ing evidence show that lung cancers accumu-
late numerous epigenetic alterations during a 
multistep process. These alterations include 
the inactivation of tumor suppressor genes and 
activation of oncogenes that promote growth or 
survival. MiRNAs comprise a novel class of reg-
ulatory molecules with the ability to negatively 
control gene expression. The complex interac-
tions between miRNAs and their target genes 
form a gene regulatory network that control lots 
of physiological and pathological processes in 
human. Recent evidence indicates that miR-
NAs can work as tumor-suppression factors or 
they can promote tumorigenesis and may play 
crucial roles in the prominent cell proliferation, 
dys-regulated cell cycle and invasion ability of 
human cancers [18-22]. The differential expres-
sions of miRNAs suggest that miRNAs may be 
involved in the genesis and development of 
tumor. Moreover, in malignant diseases, the 
alteration of miRNAs level in the circulation 
shows great values in diagnosis, providing a 

novel strategy for tumor early stage detection 
[23-25]. Here we show that miRNA-221 con-
trols human non-small cell lung cancer cell 
H460 growth by targeting P57. Inhibition of 
miRNA-221 represents a novel potential treat-
ment for human non-small cell lung cancer. 

Several studies have indicated that miR-221 
could enhance cellular migration through the 
activation of the AKT pathway and metallopep-
tidases in NSCLC [26]. In the current study, our 
data provide further evidence that miRNA-221 
can regulate human NSCLC cell line H460 pro-
liferation rate and cell vitality. By overexpress-
ing miRNA-221, H460 cells showed higher rate 
of EdU positive cells and cell vitality than 
NC-mimics. Conversely, down-regulation of 
miRNA-221 led to lower rate of EdU positive 
cells and cell vitality. These data provide more 
insights of the function of miRNA-221 in NSCLC 
progression. 

P27 is a well established target of miRNA-221. 
By targeting p27, miRNA-221 was demonstrat-
ed to mediate the effects of PDGF-BB on migra-
tion, proliferation, and the epithelial-mesenchy-
mal transition of pancreatic cancer cells [27]. 
Our data here shows that p27 is regulated by 
miRNA-221 in H460 cells, indicating it might 
mediate the effects of miRNA-221 in this study, 
though this needs to be further confirmed with 
reverse evidence in the future, which is a limita-
tion of the present study. 

In conclusion, our study provided evidence that 
miR-221 controls H460 cells growth potentially 
by targeting P27. Our data demonstrate that 
changes in miR-221/p27 signaling may contrib-
ute to cell proliferation in NSCLC.
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